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CAUCHY’S INEQUALITY AND SOME STATISTICAL 
INEQUALITIES! 


MARION WETZEL? 


1. Introduction. The purpose of this paper is to show the basic significance of 
Cauchy’s inequality in connection with various correlation coefficients. Several 
methods have geen given to verify desirable inequalities of these coefficients. 
In particular we mention the treatment contained in Cramér’s ‘Mathematical 
Methods of Statistics” [1, pp. 301-308]. It is our object here to consider the 
role of Cauchy’s inequality in giving certain of these desired relations directly 
and in satisfying the necessary conditions in the theory of quadratic forms 
for the case of multiple linear regression and correlation. We also point out 
some related inequalities. We shall show that at each step the verification of 
the desired statistical inequality reduces precisely to the existence of the 


Cauchy inequality. 
The simple linear correlation coefficient is given by r = Vex8dy" where the 
variables represent deviations from the means. It follows immediately by 
Cauchy’s inequality that —1 < r < +1, equality holding in case the variables 


are proportional. 
The determinant, 


Tn Mie Tin | 
| 
(1) R= | | ’ = 1, 
| 
(Tri Tne Tan | 


(r;; representing the correlation coefficient between the variable x; and 2;) is 
useful in defining the various measures in multiple linear regression theory [2, 
pp. 112-120]. We have 


1 


R= 
Dri dz? 
2 
(2) 2 | 1 
« | ; ; > 0, 

| 2 


1 Submitted in June 1951. 
2 Associate Professor of Mathematics, Denison University. 
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since C > 0 by Cauchy’s inequality for n variables. The equality sign holds if 
and only if there is linear dependence among the n variables. 
2. Multiple Correlation. The multiple correlation coefficient is given by 


R 


Hence we should like to know that Ru > R > 0. The second inequality is 
given by (2); and in connection with the first inequality we have the following 
theorem. 

THEOREM 1. The quadratic form 


| 
F(tiz, tin) = — tan | 

(tnt Tne 1 


is positive semidefinite. 
Proor. From the coefficients of the variables in F we have the sequence of 
determinants, 


| 
Ru Rint | 
| 


Ry Ry! | 
where 
| 1 123 Lin 
R= | 1 | 


Sag Ste 1 


We note that R here is Ry of (1). By a well known transformation upon de- 
terminants it can be shown that 


Ru Rey Ru 
(3) Ryn Re +++ Rox = R'-! 


Hence our sequence of determinants reduces to 
(4) RRuw, R*Ru,22,33, Re, 
which by (2), or Cauchy’s inequality, are all >0. A well known theorem from 


the theory of quadratic forms states that the quadratic form 


n n 
F(a, %2,°°°, In) = aij aii = Qi, 


gat 


| 
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is positive definite if and only if the determinants © (+) a1i@2; +++ Gn, m = 
1, 2, ---, m are positive. Therefore if each member of the sequence in (4) is 
>0, we immediately have that F is positive definite. If any member is equal 
to zero, we have linear dependence. 

Cauchy’s inequality also gives us a means of comparing the multiple cor- 
relation coefficient with certain of the simple correlation coefficients. That is, 
we should like to know that 71.93... > 113, 7 = 2, 3,--+, and in this con- 
nection we have the following theorem. 

THEOREM 2. The quadratic form 


2 

F(ryz, 113, Tin) = 1 Ton 


is positive semidefinite. 
Proor. Similar to Theorem 1 we have from the coefficients of the variables} in 
F the sequence of determinants, 


Rui-R Ry 

Ry Ro» ore 

where 

1 123 Ton 
R = | Ts2 1 Tan 
Tn2 1 


This sequence of determinants reduces to 

(5) 

(6) — > 0, k = 2,3,---,n — 2, 
— R- Rr = 0. 


A well known theorem from the theory of quadratic forms states that the quad- 
ratic form 


= j=1 
is positive semidefinite if the determinants Gm, m = 1,2,°:-, 
n — 1 are positive and the determinant 2(-+)a1,@2; --- Gn equals zero. If (5) 
and (6) are >0 then F is positive semidefinite. And if (5) or (6) is equal to 
zero we have linear dependence. 
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Actually the multiple correlation coefficients form a non-decreasing sequence, 
so that the result of Theorem 2 is contained in the relation 


if we first show directly that ri2 < 11.23. Equality holds in (7) if and only if 


Ry, = 0. Since it can be shown that RuRi.z — Ri, = RRu, kk We have R “ = 


R 
Ra , (Ru + 0), which gives the desired relation. 


3. Partial Correlation. Cauchy’s inequality together with some of the results 
from the preceding sections enable us to determine desired relations involving 
the various partial correlation coefficients. oe partial coefficient for the first 


two variables is given by riz.34...n = Since RyR2 — Riz = RRu» 

it follows immediately from (2) that 

(8) —1 S +1. 

And from (2) and Theorem 1 it follows that 


From a function point of view we observe the relation 


(10) Tien = 4/ T12 Ress 1'13-2-.-n 
Ru Ry 


Ran 
Min-23-++n—1 Tins 
Ru 


4. Related Forms. Cauchy’s inequality is of fundamental importance in other 
types of regression and correlation analysis. We shall mention only two cases 
here. 

Given the polynomial function y = 220 a,x* where the a, are determined by 
least squares, it can be shown that the standard error of estimate is given by 


R* Sy N | 
2 * = 


It remains to show that 
(12) Ri, > R* > 0. 


Noting that R* is a special case of C from (2) and using the results of Theorem 
1, we can obtain (12). 


Ag 
Be 
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The orthogonal least squares line is given by y = zx tan ¢, where 
nO = — Sy + — By)? + 


representing the angle between the line and the positive direction of the x-axis. 
If the standard error of estimate is measured in terms of orthogonal distances 


then it can be shown that r? = tan ¢ (22). And from this it can be shown that 


2y? 
<r +1 since — (Zzy)? > 0. 
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A COMPARATIVE STUDY OF THE SPAWNING PERIODS OF THE 
BLUEGILL, LEPOMIS MACROCHIRUS, THE BLACK CRAPPIE, 
POMOXIS NIGRO-MACULATUS (LE SEUER), AND THE WHITE 
CRAPPIE, POMOXIS ANNULARIS (RAFINESQUE), OF BUCKEYE 
LAKE, OHIO! 

GEORGE D. MORGAN? 


INTRODUCTION 


During the years 1949, 1950 and 1951 a study was made of the life histories 
of the bluegill sunfish, the black crappie and the white crappie of Buckeye Lake. 
The life history of the bluegill has already been published, Morgan (10). We 
are now accumulating data on the life histories of the black crappie and the white 
crappie. This paper is a part of this work and deals with the comparative spawn- 
ing periods of these fishes. 

I am indebted to Paul Chanley, senior student at Denison University, for his 
help in compiling these data, both in the laboratory and in the field. Also I am 
indebted to Messrs. E. L. Wickliff, Lee Roach, John Pelton, and Ray Rieth- 
miller, of the Fish Management section of the Ohio Division of Natural Re- 
sources, for their suggestions and criticisms, and for the use of equipment for 
carrying on this work. 


MATERIALS AND METHODS 


For this study fish were removed from test nets at intervals of a few days from 
March to November. They were taken to the laboratory where studies were 
made of growth, food habits, embryonic development, and the extent of the 
spawning period. 

A fairly accurate picture of the extent of the spawning period of a fish can be 
determined by comparing the weight of the ovaries with the body weight, as 
described by Morgan (10). The ratio obtained by dividing the weight of the 
ovaries into the body weight is then plotted on graph paper. In this way the 
beginning and the end of the spawning period can be easily followed. In fishes 
that are ready to spawn these ratios drop to below twenty and in some species 
to below ten. The ratio of each fish was determined, and also the average ratio 
for all the fish taken evey ten days was computed. 


THE SPAWNING PERIOD OF THE BLUEGILL 


A total of 375 male and female bluegills was removed from the test net from 
March through August of 1950. Beginning in March the body weight-ovary 


1 Submitted in November 1951. 
2 Associate Professor of Biology at Denison University and Fish Production Foreman of 
the Ohio State Division of Wild-life, Department of Natural Resources. 
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weight ratios vary from 48 to 90. It is interesting to note that these ratios are 
about the same as during the end of the spawning period in late August and 
September (Graph 1). During April the ratio in some bluegills drops to 36. 
This indicates increased ovarian activity preparatory to spawning. Between 
April 10 and May 10 there is a considerable building up of the ovaries in all of 
the fishes taken. The body weight-ovary weight ratios in some fishes drop to as 
as low as 16. Those with low ratios are about ready to spawn. Between May 10 
and May 15 gravid females with ratios of 5 and 8 were removed from the net. 
The majority of the fishes taken at this time had low ratios with an average of 15. 
The bluegill begins to spawn in Buckeye Lake when the average ratio drops to 
10 or below and at a temperature of 67°F. The ovaries at this time are quite ripe. 


Temperature F. 
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Mature eggs can be removed easily at this time with very little pressure on the 
sides of the abdomen. Spawning continues at intervals during the summer to 
about the middle of August (Graph 1) when the temperature range is between 
80° and 87°F. A few gravid females were taken as late as August 20 and at a 
temperature of 87°F. However, most of the bluegills are through spawning by 
August 10. By August 25 the body weight-ovary weight ratio is between 34 and 
78 and it continues to climb during September. It appears that in the bluegills 
the ovaries are held over in this condition through the winter until April when 
the building up process begins. The ratio in the bluegill seldom goes above 90. 


THE SPAWNING PERIOD OF THE BLACK CRAPPIE 


Black crappies were removed from the net from March 1 to November 2, 
1950 and 1951. Body weight-ovary weight ratios were determined as described 
for the bluegill. A total of 238 females and 261 males was included in this study. 


114 GEORGE D. MORGAN 


The body weight-ovary weight ratios of black crappies taken on March 1 
ranged from 31 to 102 as compared with bluegill ratios of 48 to 90 during the 
same period. On March 28 a ripe female black crappie was taken with a body 
weight-ovary weight ratio of 18. The temperature of the lake at this time was 
40°F. The ratio for the day varied from 18 to 116 (Graphs 2 and 4). Due to 
unfavorable weather no fishes were taken during April. On May 1, when netting 
activities were resumed, the average body weight-ovary weight ratio was 16. 


Temperature F 
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Most of the fishes taken at this time were ripe males and females. Between May 
10 and May 20 the ratio began to climb. The average ratio during these 10 
days was 25. From May 20 to May 30 the average continued to climb. Some 
females taken at this time had a ratio of 21. Several of these specimens were par- 
tially spent while others were still in the process of ripening. Spent, partially 
spent, and ovaries that have not yet ovulated are recognized easily by their flac- 
cidity and also by their color. Spent and partially spent ovaries are deep brown 
to orange in color, while those that are ripening, and those that are ripe are 
light straw colored. On June 1 one ripe female was taken with a ratio of 16. The 
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water temperature was 60°F. The majority of the black crappies taken at this 
time were either spent or were partially spent. The average ratio of all fishes 
taken at this time was 100. This marks the end of the spawning period of the 
black crappies in Buckeye Lake. 

According to A. 8. Pearse (13) the earliest spawning period of the black crap- 
pie at Lake Wingra, Wisconsin, was May 20, and at a temperature of 68°F. 
Spawning in Lake Wingra continued until July 15 and at a temperature of 
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87°F. Richardson (13) observed black crappies spawning in a pond near Havana, 
Ill., on May 11, 1911, after the water temperature had reached about 67°F. In 
Buckeye Lake ripe females were taken on March 29 when the temperature was 
40°F. No ripe females were taken after June 1; and the water temperature at 
this time was 60°F. 

The ratio during June continued to climb until by July 10 the average ratio 
was above 200 (Graphs 2 and 4). It is interesting to note that during July of 
both 1950 and 1951 the ratio was practically the same. This appears to be the 
highest ratio for the black crappie. Then the ratio begins to drop. By August it 
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has dropped to an average of 78. By the end of October the average bodyweight- 
ovary weight ratio has dropped to 50. No record was obtained during December, 
January, and February. Test net operations were again resumed on March 1. 
It is interesting to note that the average body weight-ovary weight ratio of the 
black crappies taken at this time was about the same as it was in November. 
Hence it appears that in these fishes the ovaries develop during late summer 
and early winter and are carried through the winter in this condition. In March 


280 
270 
260 
250 
240 
230 
220 
210 

200 otk 
190 
180 
170 
160 


150 | 
/ | 


> 


140 


130 


120 \ 


110 

90 N 

80 
ho. 

70 

60 

50 


— 


Ratio of body weight to ovary in groms. 


4} 


or 

SPAIWNi PERIOD 
10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 
MAR. APRIL MAY JUNE JULY AuG. SEPT. oct. NOV. 

Graph 4.Spawning periods of the White Crappie, Black Crappie,and the Bluegill. 

© =Average body weight ovary weight ratio for every ten days. 

—— =Spawning period of the White Crappie. 

——-—=Spawning period of the Black Crappie. 

seeseeee =Spawning period of the Bluegill, 


the ovaries are almost ready to ovulate. In contrast, the building up of the ova- 
ries of the bluegill does not take place in the fall but occurs suddenly during 
April and May. 


THE SPAWNING PERIOD OF THE WHITE CRAPPIE 


White crappies were removed from the net, and the body weight-ovary weight 
ratios were determined as described for the bluegill and the black crappie. A 
total of 462 males and females of all sizes was examined during 1950 and 1951, 
from March 1 to November 2. , 


4 

ee 

aie 

| 


COMPARATIVE STUDY OF SPAWNING PERIODS 117 


The body weight-ovary weight of the white crappies removed from the net 
on March 1 ranged from 50 to 132 with an average of 98 for all the fishes taken 
(Graphs 3 and 4). The water temperature at this time was 40°F. On March 28 
the ratios dropped to between 28 and 126 with an average ratio of 68. Those 
with a ratio of 28 were almost ripe and ready to spawn. No white crappies were 
taken during April. On May 2, when netting was again resumed, the body weight- 
ovary weight of the white crappies taken had dropped to between 12 and 22 
and most of the fishes were ripe males and females. This low ratio is an indication 
of active spawning. These low ratios continued through May, June and into 
July. Gravid females were removed from the net as late as July 20, and at a 
temperature of 80°F. (Graph 3). 

From these observations it appears that the white crappie begins to spawn 
in late March or early April and continues through the summer to July 20. 


SUMMARY AND CONCLUSIONS 


1. Bluegills in Buckeye Lake begin to spawn in early May and continue to 
spawn at intervals throughout the summer until the middle of August. The 
water temperature during this period in 1949 varied from 67°F. to 87°F. 

2. In the bluegill the building up of the gonads in preparation for spawning 
takes place quickly in the spring between April 20 and May 15. The body weight- 
ovary weight ratio drops at this time from 90 to below 16. 

3. The body weight-ovary weight ratio is lower in bluegills than in the crap- 
pies. 

4. The black crappie begins to spawn during the last of March and the be- 
ginning of April, and ends between June 1 and 5. 

5. The water temperature during the spawning period of the black crappie 
in 1951 varies from 40°F. in March to 60°F. in June. 

6. The building up of the ovaries in the black crappie takes place during the 
fall, and the fish is ready to spawn early in the year with little further develop- 
ment. 

7. The spawning period of the white crappie begins at the end of March and 
continues through the summer until July 20. The water temperature varies 
between 40°F. in March to 80°F. in July. 

8. The extent of the spawning period of the white crappie is very similar to 
the spawning period of the bluegill although it begins and ends about a month 
earlier. 

9. The building up of the gonads in the white crappie takes place in the fall 
as in the black crappie. Hence they are ready to spawn early with little further 
development. 
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STUDIES IN VALIDITY: THE EFFECT OF PERSONALITY 
AND INTEREST ON TEACHERS’ MARKS! 


ROBERT SCRIVEN CARTER? 


INTRODUCTION 


The primary significance of this problem is found in the almost universal 
use of marks in the public school systems of the United States. By the use of 
one device or another, teachers do express their judgments of the level of achieve- 
ment exhibited by the various members of their classes. The marks assigned 
by teachers will, in many instances, influence the future school careers of pupils 
who receive those marks. In other cases, teachers’ marks are used in connection 
with the grouping schedules. Children are often accelerated or retarded in 
grade progress on the basis of teachers’ marks. Various honors, presented at 
graduation time, are based largely on teachers’ ratings. Teachers’ marks are used 
as one of the criteria to determine who shall be admitted to study at the college 
level. In other words, marks may affect a child’s future academic training as 
well as his choice of occupation. There is, therefore, a definite need for a lucid 
and objective evaluation of teachers’ marks in terms of validity. 

Previous investigations (1) have shown that significant differences exist 
between the marks assigned by men and women. These differences exist regard- 
less of the sex of the student. Although no significant differences could be found 
in intelligence or in algebra achievement, statistically significant differences 
existed in the marks assigned by teachers, differences clearly not attributable to 
chance. The differences, generally, gave the advantage to the girls. It was made 
clear that the girls were no smarter, did not know any more algebra, but they 
did receive higher marks. 

There were definite indications that intelligence was a factor in the assign- 
ment of marks. When intelligence was partialled out, and thus held constant, 
the relationship between teachers’ marks and achievement declined. This indi- 
cated that the teachers’ marks not only reflected achievement but also intelli- 
gence. Since the relationship was far from perfect, some other factors entered 
into the assignment of marks by teachers of beginning algebra. 


THE PROBLEM 


The investigation was designed to determine whether marks assigned by 
teachers of beginning algebra were influenced by factors of student interest and 
personality. The study also sought to establish the relative significance of these 
factors when the sex of the student was the same as the sex of the teacher. 


1 Submitted in October 1951. 
2 Associate Professor of Psychology, Denison University. 
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REVIEW OF THE LITERATURE 


Rinsland (4) pointed out that teachers differ on grades to be assigned because 
they do not agree on what to count; neither can they agree on the number of 
points or weights to be assigned to the things they do count. He also pointed 
out that teachers have different standards of severity and leniency, and that 
even the same teacher has different standards on different occasions. These 
differences can be accounted for by factors of fatigue, personality, effort, and 
industry, either on the part of the student or the teacher. He also stated that 
when all studies have been examined, it must be admitted that both the grading 
of an individual paper and the whole grading system are subjective, unreliable, 
and unfair. : 

Lentz (2) concluded that teachers favor girls in awarding school marks, that 
standardized tests place boys at a handicap, and, that teachers give credit for 
“hand shaking” when assigning marks. 

Morton (3), in investigating the influence of pupil conduct on teachers’ 
marks in grades five through eight, concluded that deportment is related to 
school marks, but that school marks are not related to intelligence, problem 
solving, or to reading. His study suggests that over age, per se, was considered 
in the assignment of marks. He also found little doubt that teachers “doctor” 


grades. 


MATERIALS AND SUBJECTS 


Results of an investigation of this type are of most value when they can be 
used for evaluation and interpretation over a wide area, or by a large number of 
individuals. With this in mind, the investigation was undertaken in a city in 
western Pennsylvania. Two hundred and sixty pupils took part in the testing 
program from which the basic data for this study were obtained. This investi- 
gation is based on 235 pupils taking high school algebra for the first time. In 
all, nine classes were used, four classes being taught by women and five 
classes being taught by men. Of these, 135 were boys, and 100 were girls. Since 
students are assigned to classes alphabetically, no known selective factors oper- 
ate which would give a biased sample. 

In the school in which the investigation was made, there are six teachers, 
three men and three women, teaching beginning algebra. The six teachers all 
hold valid Permanent High School Certificates issued by the Pennsylvania De- 
partment of Public Instruction. The training of the three men and three women 
used in this study was almost identical. Whatever effect factors of age, training, 
and experience may have on assigned marks was minimized. 

During the last week of the first semester, the investigator administered the 
Intermediate Form of the California Test of Personality and the Garretson- 
Symonds Interest Questionnaire to all students enrolled in the course in begin- 
ning algebra in the public school of a western Pennsylvania city. One week fol- 
lowing the end of the first semester the examiner inspected the permanent 
record cards for the subjects used in the investigation. These cards were in- 
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spected in the office of the principal. From the cards, the examiner secured the 
necessary information concerning the marks assigned by individual teachers to 
each student as an indication of his level of achievement for the semester. 


RESULTS OF THE TESTING PROGRAM 
For the purpose of this investigation, the sample is divided into four groups: 


1. Boys taught by men teachers 
2. Girls taught by men teachers 
3. Boys taught by women teachers 
4. Girls taught by women teachers 


In the presentation of the data which follows, the results of the testing program 
are presented so as to reflect these categories. 


A. Personality Test Results 


The differences in mean scores for the various groups, together with the 
critical ratios, on the California Test of Personality are presented in Table I. 
An inspection of the table reveals that the mean score for girls is 7.30 points more 
than the mean score for boys. This difference represents a critical ratio of 2.89, 
which is statistically significant. The difference in mean score between the boys 
and girls taught by women, 10.58, is also significant (Critical Ratio, 2.86). 
Since the criterion for significance has been set at the one per cent level of con- 
fidence, the other comparisons shown in the table are not large enough to be 
called statistically significant. Differences as large as 7.36 between the mean 
score for girls taught by men and by women can be expected about nineteen 
times out of a thousand purely by chance. In the case of the difference in means 
between the boys and girls taught by men, 5.00, and in the case of the mean 
score for all students taught by men and by women, where the difference was 
3.95, differences this large can be expected seven times in a hundred by chance 
(Critical Ratios, 1.51 and 1.52, respectively). 


B. Interest Questionnaire Results 


The Garretson-Symonds Interest Questionnaire is designed to supply a valid 
and reliable measure of the inclination of pupils toward the academic, commer- 
cial, or technical curricula, through a sampling of their preferences over a wide 
range of items (234). Since the authors of this test consider algebra to be in 
the academic curriculum, this investigation was concerned with only the aca- 
demic score on the Garretson-Symonds Interest Questionnaire. 

Comparisons between groups on the Garretson-Symonds Interest Question- 
naire are given in Table II. The results on the questionnaire indicate that the 
mean difference of 1.71 between the boys taught by men and by women (Crit- 
ical Ratio, 0.66) and the difference in mean score between girls taught by men 
and by women, 1.28 (Critical Ratio, 0.55), are not significant differences. Dif- 
ferences this large could be expected four or five out of ten times. On the other 
hand, differences as large as the difference in mean score between boys and girls, 
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15.10, (Critical Ratio, 8.78), would be expected only once in a million times. The 
same conclusion can be drawn with respect to the difference between the mean 
score for boys and girls taught by men, 14.88, and between the difference in 
means for boys and girls taught by women, 15.31. The critical ratios of 6.83 
and 5.59, respectively, can be expected by chance only once in a million times. 


TABLE I 
Differences and Critical Ratios between Scores Made by Boys and Girls on 


the California Test of Personality 


SEX MEAN sD SEy (ih, — M2) CRu 
Taught by men 
Boys 138.24 19.49 2.25 
Girls 143.24 18.84 2.47 
—5.00 | 3.31 —1.51 
Taught by women 
Boys 140.02 20.86 2.69 
Girls 150.60 16.79 2.59 
—10.58 | 3.70 —2.86 
Boys (taught by) 
Men 138.24 19.49 2.25 
Women 140.02 20.86 2.69 
—1.78 | 3.50 —0.51 
Girls (taught by) 
Men 143.24 18.84 2.47 
Women 150.60 16.79 2.59 
—7.36 | 3.56 —2.07 
Totals (taught by) 
Men 140.42 19.37 1.68 
Women 144.37 19.97 1.98 
—3.95 | 2.60 —1.52 
Totals 
All boys 139.03 20.13 1.73 
All girls 146.33 18.36 1.84 
—7.30 | 2.58 —2.89 


C. Relationship between Teachers’ Marks and Personality 


Since personality scores and teachers’ marks have the highest zero order cor- 
relation, excepting intelligence and teachers’ marks, it was imperative that the 
personality factor be controlled statistically to determine the relationship exist- 
ing between teachers’ marks and algebra achievement scores with personality 
held constant. In Table III are presented the coefficients of correlation for the 
zero order r’s between teachers’ marks and algebra achievement scores and the 
partial r’s between these variables with personality scores held constant. 
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A comparison of Table III with evidence presented elsewhere (1) indicates 
that the magnitude of the r’s does not change as greatly as in the case where in- 
telligence is held constant. In no case does the magnitude of the partial r in- 
crease over the zero order r, which indicates that personality, of and for itself, 
is not so important a factor as achievement in the assignment of marks by 
teachers of beginning algebra. 


TABLE II 


Differences and Critical Ratios between Scores Made by Boys and Girls on the Garretson- 
Symonds Interest Questionnaire 


N SEX MEAN sD SEy (fy — M2) SDy CRy 
Taught by men 
75 Boys 43.33 13.29 1.53 
58 Girls 58.21 11.88 1.56 
—14.88 |} 2.18 —6.83 
Taught by women 
60 Boys 41.62 16.40 2-12 
42 Girls 56.93 11.19 1.73 
—15.31 | 2.74 —5.59 
Boys (taught by) 
75 Men 43.33 13.29 1.53 
60 Women 41.62 16.40 2.12 
1.71 | 2.61 0.66 
Girls (taught by) 
58 Men 58.21 11.88 1.56 
42 Women 56.93 | 11.19 | 1.73 
1.28 | 2.33 0.55 
Totals (taught by) 
133 Men 49.82 14.69 
102 Women 47.92 16.31 1.61 
1.90} 2.05 0.93 
Totals 
135 All boys 42.57 14.78 1.27 
100 All girls 57.67 11.60 1.16 
—15.10 1.72 —8.78 


In all cases the magnitude of the r either remains constant or decreases when 
personality is partialled out. When personality scores are held constant, the 
difference between the zero order r and the partial r is greater in the case of 
girls than in the case of boys. The differences are greater in the case of women 
teachers than in the case of men teachers. When the teacher is a woman and 
the student a girl, the zero order r for the variables under consideration is .35; 
with the same condition, the partial r is .29. This represents the largest change, 
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TABLE III 
Coefficients of Correlation between Teachers’ Marks and Algebra Achievement and between 
Teachers’ Marks and Alegbra Achievement with Personality Held Constant 
0. Teachers’ Marks 
1. Algebra Achievement Scores 
3. Personality Test Scores 


BOYS | GIRLS TOTAL 
| i 
Taught by men i 
Number 75 | 58 133 { 
To1.3 + .05 .56 + .09 + .05 
Tou. 23+ .05 | .57 + .09 68 + .05 
Taught by women | 
Number 60 42 102 
To1.8 .34 + .11 | 29 + .14 .88 + .08 
Tou. + | + .14 + .08 
| q 
Totals | 
Number 135 100 235 
To1.3 .58 + .06 42 + .08 50 + .05 
rou. 59+ 06 | .45 + .08 52 + .05 
TABLE IV 
Coefficients of Correlation between Teachers’ Marks and Personality, between Teachers’ Marks 
and Personality with Intelligence Held Constant, and between Teachers’ Marks and 


Personality with Intelligence and Algebra Achievement Held Constant 
0. Teachers’ Marks 
1. Algebra Achievement Scores 
2. Intelligence Test Scores 
3. Personality Test Scores 


BOYS | GIRLS TOTAL 

Taught by men | 

Number 75 58 133 

703.12 15+ .11 .27 + .12 24 + .08 

103.2 16+ .11 .24 4 .12 -20 + .08 

To3. 16+ .1l .34 + .12 .25 + .08 
Taught by women 

Number 60 42 102 

703.12 .29 + .12 21 4 .15 30 + .09 

103.2 + .12 .23 + .15 .34 + .09 

To3. 325 + .11 + .14 .38 + .08 
Totals 

Number 135 100 235 

703.12 .22 + .08 .29 + .09 .28 + .06 

703.2 .08 .30 + .09 .28 + .06 

Tos. 25 + .08 -.87 + .09 .32 + .06 
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the other changes ranging in magnitude from zero, in the case of boys taught 
by men and all students taught by men, to five hundredths in the case of all 
students taught by women. 

In Table IV are presented the coefficients of correlation between teachers’ 
marks and scores on the California Test of Personality with intelligence and 
algebra achievement partialled out. These second order partial r’s are com- 
pared with the first order partial r’s as well as with the zero order r’s. In every 
instance the personality of the student as shown by his test score, tends to in- 
fluence the teacher in assigning marks as indicated by the positive coefficients. 
The magnitude of the coefficients indicates that the personality scores of girls 


TABLE V 


Coefficients of Correlation between Teachers’ Marks and Algebra Achievement and between 
Teachers’ Marks and Algebra Achievement with Interest Held Constant 
0. Teachers’ Marks 
1. Algebra Achievement Scores 
4. Interest Scores 


BOYS GIRLS TOTAL 

Taught by men 

Number 75 58 133 

To01.4 -76 + .05 .57 + .09 -69 + .05 

+ .05 .57 + .09 -69 + .05 
Taught by women 

Number 42 102 

To1.4 + .1l .30 + .14 .40 + .08 

Tou. 37 + .1l + .14 .43 + .08 
Totals 

Number 135 100 235 

To1.4 + .06 45 + .08 50 + .05 

To1. 59 + .06 -45 + .06 50 + .05 


are a more significant factor in influencing the teachers’ marks than are the 
boys’ scores. There is also some indication that the women teachers are in- 
fluenced more by the personality of students than are the men teachers. 


D. Relationship between Teachers’ Marks and Interest 


The results of partialling out interest and showing the relationship between 
teachers’ marks and achievement scores are shown in Table V. In view of the 
fact that the magnitude of the zero order coefficients of correlation changes none 
at all or an infinitesimal amount, it can be seen that interest has very little 
influence on the assignment of marks by teachers of beginning algebra. 

The results of the correlations between teachers’ marks and interest with 
achievement and intelligence partialled out are found in Table VI. Interest in 
academic work is a much more important factor in the determination of marks 
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assigned by men than marks assigned by women. In the case of boys it is much 
more important than in the case of girls. When women teachers are involved, 
the interest factor affects the boys’ marks inversely, but in the case of girls, 
interest affects the marks directly. The factor of interest, since the magnitude 
of the coefficient is low, does not seem to play an important part in the assign- 
ment of marks by teachers of beginning algebra. 


TABLE VI 
Coefficients of Correlation between Teachers’ Marks and Interest, between Teachers’ Marks and 
Interest with Intelligence Held Constant, and between Teachers’ Marks and Interest with 
Intelligence and Algebra Achievement Held Constant 
0. Teachers’ Marks : 
1. Algebra Achievement Scores 
2. Intelligence Test Scores 
4. Interest Questionnaire Scores 


BOYS | GIRLS TOTAL 
Taught by men | 
Number 75 | 58 133 
04.12 .28 + .1l + .13 .36 + .08 
To4.2 .88 + .10 10 + .13 .32 + .08 
ros. 387 + .10 12 + .18 .33 .08 
Taught by women | 
Number 60 42 102 
704.12 —.10 + .13 12 .16 .07 + .10 
04.2 —.07 + .13 | 144 .15 + .10 
Tos. .03 + .13 | 27 + .14 19 + .10 
Totals 
Number | 135 100 235 
704.12 .03 + .09 | 08 + .10 16 + .06 
To4.2 12 + .09 .09 + .10 18 + .06 
Tos. .16 + .08 144 .10 22 + .06 
SUMMARY 


With respect to personality, the girls made significantly higher scores on the 
test than did the boys, regardless of the sex of the teacher. The comparison 
of scores made by boys taught by men and the boys taught by women revealed 
small, insignificant differences; the differences were in favor of the boys taught 
by women. 

In interest, as indicated by the scores on the interest questionnaire, the groups 
taught by men and women were similar. However, the differences in scores be- 
tween boys and girls, whether taught by men or women, favored the girls. 

When personality scores were partialled out, and thus held constant, the coef- 
ficients of correlation for the relationship between teachers’ marks and algebra 
achievement tended to decrease. The changes were greater in the case of girls 
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than in the case of boys. The differences were greater in the case of women 
teachers than in the case of men teachers. 

When interest scores were partialled out, and thus held constant, the coefhi- 
cients of correlation for the relationship between teachers’ marks and algebra 
achievement tended to remain constant. 

When teachers’ marks were compared with scores on the California Test of 
Personality with intelligence and algebra achievement partialled out, the re- 
sulting coefficients were all positive. The size of the coefficient indicated that the 
personality scores of girls are more significant than are the scores made by 
boys in the assigning of marks by teachers of beginning algebra. Women teachers 
were more influenced by personality factors than were the men teachers. 

The factor of interest, since the magnitude of the coefficients was small, 
does not seem to play an important part in the assignment of marks by teachers 
of beginning algebra. The direction of the correlation, however, indicated that 
interest may affect the marks assigned either directly or inversely, provided the 
teacher is a woman. 

CONCLUSIONS 

1. To a lesser degree than intelligence (1), personality, as revealed by the 
scores made on the test, seemed to be a factor in the assignment of teachers’ 
marks. Interest, when it was partialled out, did not appreciably increase the 
coefficient of correlation between teachers’ marks and algebra achievement. 

2. When algebra achievement and intelligence were held constant, interest 
contributed less to the assigned marks than did personality. 

3. As for sex differences, the data indicated that girls had the advantage over 
boys when the effect of non-intellectual factors upon teachers’ marks was in- 
vestigated. In the case of personality and interest, the magnitude of the partial 
r was in favor of the girls. Interest showed a higher correlation with the marks 
assigned by men than with the marks assigned by women. 

4. It must be concluded in light of the data in the present investigation that 
the sex of the teacher was not so important in the investigation of marks as was 
the sex of the student. 

5. It must be concluded that marks assigned by teachers of beginning algebra 
reflect more than achievement. From the evidence at hand, marks in beginning 
algebra reflect achievement, but they also give evidence of the effect of the in- 
telligence, the personality, and the interest of the student. 


RECOMMENDATIONS FOR FUTURE STUDIES 


The present investigation could not account for all of the factors that affected 
the grading or marking situation. In view of the data upon which the conclusions 
of the present investigation were drawn, further investigation should be directed 
toward finding answers to the following questions: 

1. What are the effects of socio-economic status and age of the student on the 
assignment of marks by teachers of beginning algebra? 
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2. Are the factors mentioned above important in the grading situation when 
investigated in light of sex differences of student and teacher? 

3. Of what significance are non-intellectual factors when teachers assign 
marks? 
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REDUCTION OF TYPING ERRORS THROUGH POST-HYPNOTIC 
SUGGESTION! 


ROBERT SCRIVEN CARTER? anp ELIZABETH ANN ORMOND# 


INTRODUCTION 


That performance in various tasks may be improved by suggestion has al- 
ready been demonstrated. Carmichael, Hogan, and Walter (2) were able through 
suggestion to improve scores made by college students on a task involving the 
reproduction of drawings. Fernberger (4) improved the scores of students in- 
volved in judging facial expressions, through the use of suggestion. 

Hypnosis is best described as a state in which the individual is dreamy, re- 
laxed, and highly suggestible. The fact that suggestion is the key to hypnotism 
is very apparent when the subject is in a deep trance. Anything, within reason 
and moral bounds, which the operator suggests that the subject do, will be car- 
ried out. It almost seems as if the subject anticipates what he will be required 
to do, with only the least mention by the operator. He is very cooperative in 
what is demanded of him. Connected with this is the fact that only the operator 
can make suggestions to the subject—others in the room may talk to him and tell 
him to do certain things, but he will completely ignore them, or at least seem 
to. Estabrooks (3) cites an example of a subject who was told to look for a hand- 
kerchief; other people in the room offered him suggestions which were ignored, 
but when one whispered to another the location of the object, the subject soon 
looked there. It seems that the subject will pick up cues, although not con- 
sciously seeming to hear them. Hypnosis offers a most convncing demonstra- 
tion of the reality of ‘subliminal’? mental processes. The phenomena of post- 
hypnotic suggestion provide a dramatic illustration of the influence persisting 
suggestions may have upon a person’s behavior. Post-hypnotic suggestion is an 
illustration of unconscious motivation. In post-hypnotic suggestion the sub- 
ject is hypnotized and told that when he wakes up he will remember nothing 
of what has happened. He is then told that, upon waking, he will perform a cer- 
tain act. After he is awake, the subject then feels a compulsion to carry out the 
act suggested, even though he does not know why. 


THE PROBLEM 


The present problem is designed to test the possibility of reducing errors in 
typewriting through the use of positive post-hypnotic suggestion. 


1 Submitted in October 1951. 
2 Associate Professor of Psychology, Denison University. 
3 Class of 1951, Denison University. 
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MATERIALS 


Two similar pieces of typing copy were equated as to difficulty of words, 
length of copy, length of sentences, and subject matter. Subjects were allowed to 
use the typewriter of their choice, the only stipulation being that the same 
machine be used for both testing sessions. Timing devices which recorded the 
time to the nearest one-tenth of a second were used. Subjects consisted of Den- 
ison University senior girls. All were selected on the basis of their willingness 
to give an affirmative answer to the question, “Are you willing to participate in 
a psychological experiment involving hypnosis?” No further information was 
given the subjects at the time of selection. 


TABLE I 


Differences and Critical Ratio between Scores Made on Original Typing Test and Scores Made 
on Typing Test Following Post-Hypnotic Suggestion 


ORIGINAL TEST POST-TEST DIFFERENCE 
SUBJECT 
Time Errors Time Errors Ep — Eo 
1 6.5’ 7 6.5’ 1 6 
2 8.0 10 7.0! 8 2 
3 6.0’ 10 6.0’ | 5 5 
4 6.5’ 27 6.5’ 13 14 
5 9.0’ 12 9.0’ 5 a 
6 9.0’ 17 9.0’ 6 10 
Mean 13.8 6.5 
PROCEDURE 


Each subject was asked to type Copy I before being hypnotized, and the copy 
was then graded for errors and the time recorded to the nearest one-tenth of a 
second. Each subject was told that they would be timed while typing, and that 
errors would be marked, but they were asked to type at normal speed and not 
to worry about the errors they made nor to make any effort to correct the 
errors. 

After a short rest period, each subject was hypnotized. During the hypnotic 
trance, each subject was given the following suggestion: ‘“‘When you wake up, 
and you won’t awaken until I tell you to, I will ask you to type for me again. 
You will type without errors, making a page of perfect copy. You will type just 
as rapidly as before, just as rapidly, but you will type better and more pre- 
cisely than you have ever typed before.” The suggestion was repeated several 
times. 
After being awakened from the hypnotic trance, each subject was allowed a 
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short rest period before proceeding. Next, each subject was asked to type Copy 
II, using the same typewriter as she had used previously. The time was recorded 


and the copy graded for errors. 
RESULTS 


The results for each subject, including time and errors for each set of copy are 
given in Table I. In each instance the subject typed at least as fast on Copy II 
as she had done on Copy I. Only one subject (S-2) typed faster than she had done 
the first time. In every instance, each subject made fewer errors on Copy II. 

On Copy I, the mean was found to be 13.8 errors. On Copy II, the mean was 
found to be 6.5 errors. The standard deviation around the mean differenee was 
found to be 3.82. The standard error of the mean difference was 1.71. Since the 
difference in means was 7.3, the critical ratio was found to be 4.27. It is thus 
apparent that differences this large could not have occurred by chance except in 
less than one case out of a hundred. It is, therefore, clearly shown that differences 
this large are statistically significant. 


SUMMARY 


The purpose of the study was to determine the effect of post hypnotic sug- 
gestion on the reduction of typing errors. Each subject was first asked to type 
Copy I; time and errors were carefully recorded. Then the subjects were hyp- 
notized, and while in a deep trance, were given the positive suggestion that 
upon being asked to type again, they would type just as fast as before, but 
without errors. Upon awakening, each subject was asked to type Copy II, and 
time and errors were again recorded. The difference in mean performance was — 
then treated statistically to determine its significance. 


CONCLUSIONS 


1. The mean difference in typing errors was 7.3, with a critical ratio of 4.27. 
This is significant at the one percent level of confidence; i.e., in only one out of 
one hundred cases would differences this large have occurred by chance. 

2. The evidence indicates that improvement in motor tasks such as typing 
can be accomplished through the use of post-hypnotic suggestion. 

3. It would seem evident that positive suggestion improves motivation as 
shown through improved performance. 
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A REpPoRT 


During the academic year 1950-1951 the program of the Denison Scientific 
Association was planned and directed by the President, Dr. Harry V. Truman. 
The Secretary, Miss Dorothy Carpenter, has reported the following facts con- 
cerning the meetings held. Except as indicated these were held on the basis of 
public invitation. The average attendance at the open meetings, exclusive of 
that at the Herrick Memorial lecture on March 27, 1951, was about 33 persons. 
The average attendance at the closed business sessions, for members only, was 
18. These closed sessions were held on the following dates; October 10, 1950, 
and February 13, April 17, May 1, and May 14, 1951. The lectures at the open 
meetings were as follows. 


October 24, 1950 
SOME RECENT DEVELOPMENTS IN ANTIBIOTICS. By Dr. Harry V. 
Truman, Assistant Professor of Biological Sciences. 
November 14, 1950 
INDIAN CULTURE TRAITS AND COMPLEXES, By Irving E. Mitchell, 
Professor of Sociology. 
December 12, 1950 
NON-INTELLECTUAL FACTORS INVOLVED IN TEACHERS’ MARKS. 
By Dr. Robert 8S. Carter, Associate Professor of Psychology. 
January 9, 1951 
SCIENCE AND WORLD AFFAIRS. By Dr. Conrad E. Ronneberg, Profes- 
sor of Chemistry. 
February 27, 1951 
BAROQUE INFLUENCE ON TONAL DESIGN OF THE MODERN AMER- 
ICAN ORGAN. By Brayton Stark, Associate Professor of Music. 
March 13, 1951 
SONIC AND ULTRASONIC EFFECTS ON LEARNING. By Dr. Gary C. 
V. Gawain, Assistant Professor of Psychology. 
March 27, 1951 


THE BIRTH AND DEATH OF PLANETS. By Dr. Freeman D. Miller, Asso- 
ciate Professor of Astronomy, The University of Michigan. 
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This was the annual Clarence Luther Herrick Memorial Science Lecture, 
presented to a large audience in Swasey Chapel. 


April 10, 1951 


SOME CHEMICAL ANALYSIS PROBLEMS IN BIOCHEMISTRY. By 
Dr. W. Alfred Everhart, Associate Professor of Chemistry. 


April 24, 1951 


SENIOR HONORS PROJECTS, a series of reports by Denison Seniors. 

A NutrITIONAL Stupy oF FresH WaTeR 1n Licktne County. By 
Herron Mercer. 

Quantum MEcHANICcS WITH APPLICATIONS TO THE Motion or ELECTRONS 
IN A PERTURBED Periopic Larrick. By Bruce Johnson. 

THEORY AND APPLICATIONS OF REGRESSION AND CORRELATION ANALYSIS. 
By Mary Langan. 

PRopPERTIES OF TRIFLUOROACETIC AcID. By David Heiser. 

GENERALIZED NorMAL Propasitity Density Function. By William 
Roach. 

PREPARATION AND PuysICAL PROPERTIES OF TRIFLUOROACETIC AcID. By 
Laurence Nisbet. 

CONDITIONING AUDIOGENIC SEIZURE IN ALBINO Rats. By Kenneth Col- 
man. 


May 14, 1951 


ANNUAL DINNER MEETING. This was held in the Colwell Dining Hall, 
followed by the final annual business session in the Shaw Hall recreation 
rooms. The usual reports were presented, by the secretary-treasurer, by 
the editor of the Journal of the Scientific Laboratories, by the nominating 
committee. Elections resulted in the appointment of the following list of 
officers for the academic year 1951-1952. 


President Mr. Samuel C. Wheeler 
Vice-President Miss Dorothy Carpenter 
Secretary-Treasurer Dr. James G. Traynham 
Librarian Dr. Leon E. Smith 


Editor and Secretary, Journal of the Scientific Labora- Dr. W. Alfred Everhart 
tories 
Committee on Honorary Degrees, 3 years term Dr. Richard H. Mahard 
Plans for a special number (August 1951) of the Journal of the Scientific 
Laboratories, to contain only geological papers written by Denison alumni 
geologists, and to be dedicated to Emeritus Professor Dr. Frank James Wright, 
were announced by the Editor. 
This report is submitted by W. A. Everhart, Secretary-Editor. 
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